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Velocity Exercise for Auburn HS Science Inservice

Keith Clay, GRCC Physics

TEACHER NOTES:

Prior to this exercise the students are assumed to have learned a few things about the velocities of objects in one-dimensional motion, such as moving back and forth on a straight track.

1. The concept of velocity includes both “speed” and “direction.”

2. If an object is constrained to move in one dimension it is useful to refer to one direction as the positive direction and the opposite direction as the negative direction.

3. Having chosen a positive direction, the velocity can be specified by a speed with the appropriate sign. For example, if “east” (or “to the left”) has been chosen to be the positive direction and an object is moving west (or to the right) at a speed of 2.3 meters per second, then velocity could be stated as “negative 2.3 meters per second.”

Up to this point, the students have only done experiments with one object at a time. They have studied the velocity of a single cart on a track under many circumstances, but they have not studied the behavior of two carts on the same track.

A Velocity Experiment with Two Carts
1. Newton said, “An object in motion tends to stay in motion with a constant velocity.” (That’s sometimes called Newton’s First Law.) Describe in words situations where you would expect objects to keep moving with the same velocity.  Try to come up with a few examples.

2. Testing Newton’s First Law:

a) This time you will need two carts. We call one of them “Cart A” and the other one “Cart B.”  Roll one of the carts along a smooth surface.  In what sense (if any) does the cart tend to stay in motion with the same velocity?

b) Now leave one cart (Cart B) motionless on a smooth surface and gently roll the other cart (Cart A) so that it bumps into the back of the first cart (not so hard that the carts spin or flip over).  Make some observations.

i) Comparing the carts before and after the collision, did either cart have the same velocity immediately after the collision as it did immediately before? Do we need to modify Newton’s First Law?  

ii) Make a mental model. What “happened” to the velocity of Cart A during the collision?

iii) Put your model into more general words: When two objects collide, what happens to velocity?

iv) Test your model. Gently bump the carts together in different ways (moving in opposite directions, the same direction with different speeds, etc.). Make some observations. Does your model work?

v) Make a tangible model. Represent the velocities of the two carts with cards or chips to. Create rules for a model that demonstrates what happens when they collide. Describe your model below.
vi) Share your model with your classmates and instructor. Try more tests of your model. Record your observations below.
vii) Using your model or your actual experiments, explain what happens to the “total amount of velocity” of the two carts during the collision.

a) What is meant by “total amount of velocity”?

b) Does it change?

c) What does this tell you about Newton’s Second Law?

When a quantity stays the same, we call that a “conservation” principle.  If you mix 10 ml of salt with 100 ml of water, you don’t get 110 ml of saltwater, so volume is not conserved. However, if you mix 10 g of salt with 100 g of water, you get 110 g of saltwater. We call this “conservation of mass. What would you call the idea expressed by your model above?

3. Testing the model of Conservation of Velocity:
a) Add some mass (about the same as the original amount of mass) to the Cart A so that you have effectively doubled its mass. Now roll it into the Cart B as before.  Now how does the change in velocity of Cart A compare to the change in velocity of the Cart B?  Does the total amount of velocity seem to be conserved?

b) Take the extra mass out of the Cart A and add it to Cart B.  Again roll Cart A into Cart B. Now how does the change in velocity of the Cart A compare to the change in velocity of Cart B? Does total velocity seem to be conserved?

c) What just happened to your model and why? Why didn’t this happen before?

4. Think about how the change in the velocity of a cart is related to its own mass.
a) Fill in the blank: If you bump the two carts into each other, and then repeat the same experiment keeping everything else the same while increasing the mass of Cart A, then the change in velocity of Cart A will  ___________ (increase, decrease, or stay the same). Explain your reasoning.

b) Fill in the blank: If you bump the two carts into each other, and then repeat the same experiment keeping everything else the same while decreasing the mass of Cart A, then the change in velocity of Cart A will  ___________ (increase, decrease, or stay the same). Explain your reasoning.

c) Your previous two answers should suggest a relationship between the mass of an object and the change in velocity of that same object. What sort of a relationship does this appear to be?

d) Can you give examples of other things that have this same kind of relationship?

5. Inverse proportion.

Inverse proportion is a very special relationship. When two quantities are inversely proportional, one quantity decreases whenever the other one increases. But inverse proportion is a very specific relationship. The volume of a gas decreases when the pressure on the gas increases and it decreases in just the right way to be inversely proportional. The volume of a solid also decreases when the pressure on that solid increases, but it doesn’t decrease enough to be inversely proportional.

We need to be able to identify when two things are inversely proportional. We need to define what inverse proportion means.

a) Find a balance or seesaw. Place a weight 15 cm from the fulcrum (or balance point). How much weight would you need to balance the seesaw if the weight is to be placed only 7.5 cm from the fulcrum?

b) How much weight would you need to balance the seesaw if the weight is to be placed only 5 cm from the fulcrum?

c) Can you write a mathematical relationship between the weight needed to balance the seesaw and the distance from the fulcrum?

d) The quantities “weight applied on one side” and “distance from the fulcrum on that side when balanced” are inversely proportional. Describe in your own words what inverse proportion means.

6. A new conservation model:

a) The “model” of conservation of velocity did not hold up too well under our last experiment.  What was the crucial change in our experiments that allowed us to detect the flaw in our “model” (which we also could have called a “hypothesis”)? What was left out of our original model (that we must now put back in)?

b) Look at your answers in part 4 and your answer to part 5c above. What new mental model does this suggest for the four variables “mass of Cart A,” “change in velocity of Cart A,” “mass of Cart B,” and “change in velocity of Cart B”?

c) Think about the quantity “MASS TIMES VELOCITY.”  Think about your answer to part b, above, and run through a few experiments. Bump a heavy cart into a light cart and vice versa. Try experiments where both carts are moving. What seems to happen to “MASS TIMES VELOCITY” in these experiments?

d) Because  “MASS TIMES VELOCITY” takes too long to say, scientists refer to this thing “MASS TIMES VELOCITY” by the name “momentum.” What does our new hypothetical relationship suggest about the total momentum of the two-cart system before and after the collision?  

e) Does the total amount of momentum seem to stay the same?

f) What’s the other name for a scientific principle about some quantity that stays the same? What should we call our new model of objects in motion? 

